HCC prognosis after OLT is associated with criteria related to the number and size. However, the degree of differentiation and efficacy of locoregional therapies may also influence outcome. Aim: Characterize patients with and without HCC and compare outcomes according to tumor characteristics. Methods: Retrospective query of an electronic medical record of 328 patients transplanted at California Pacific Medical Center (CPMC) in [2001][2002][2003][2004][2005][2006][2007]. HCC was defined by pre-OLT listing data as well as the finding of a tumor consistent with HCC at liver explant. Milan and UCSF criteria were applied to the lesions as described by pathology upon explant examination. Results: 328 patients were evaluated, with 109 liver malignancies, 103 females (26 (25%) HCC) and 225 males (83 (37%) HCC p = 0.04). HCC patients were older (56 ± 7.2 yr) than non HCC patients (51 ± 9.2, p < 0.001). The age of the donor and cold ischemia time was not different in the 2 groups. Survival was shorter in HCC (mean 984 ± 599 days) vs. non HCC (1103 ± 642) but not statistically significant (p = 0.10). Kaplan Meier survivals were superposable when comparing patients with or without malignancy and when patients with low (≤22) vs. high MELD (>22) were compared. Survival curves in patients that fulfilled Milan vs. UCSF criteria were identical. However, more patients outside Milan died of metastatic disease (5/6, 83%) vs. within Milan (6/14, 43%, p = 0.01). Cox proportional hazards regression showed that MELD, but not malignancy, differentiation or necrosis, was associated with mortality; HR = 6% (95% C.I. 1% -10%) per additional MELD point (p = 0.02). 69 pts had TACE pre-OLT, 17 had RFA ± any other modality. There was no difference in survivals in pts who received any locoregional therapy vs. those who did not (p = 0.5). Deaths occurred in 20 (18%) HCC vs. 43 (19%) non HCC pts. Causes of mortality were different: of 20 HCC patients, 11(55%) died of HCC/metastatic disease vs. 2 (5%) in 41 non HCC deaths (p < 0.0001). Conclusion: In our cohort, survival of HCC patients was comparable to that of non HCC patients. However, mortality from metastatic disease was higher, particularly in those outside Milan. Overall mortality was associated with higher MELD scores, but not with tumor necrosis, the degree of differentiation at explant or locoregional therapy.
Introduction
Hepatocellualr carcinoma is the most common primary malignant tumor of the liver. Traditionally, the primary therapeutic modality for HCC has been surgical excision [1] . Optimal candidates for surgical resection show a single lesion less than 5 cm in size, with no complications of end-stage liver disease and no significant portal hypertension (portal pressure gradient less than 10 mmHg). Nevertheless, after 5 years there are significant recurrence rates (70%) in HCC patients after surgical resection, and 5-year survival rate is 30% [2] [3] [4] . Regeneration after resection, may elicit metachronous tumors
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(a theoretical concern, deserving attention). Efforts to prevent tumor recurrence have involved administration of retinoids and intra-arterial I 131 labeled lipiodol [5, 6] . In Western countries, where liver cancer typically develops in the setting of well-established cirrhosis, fewer than 5% of patients are ideal candidates for hepatic resection [7] , on the other hand, in Asian countries, the applicability of resection is higher, reflecting a less advanced liver disease related to chronic hepatitis B virus infection [8] [9] [10] . Collectively, no more than 25% of patients are candidates for surgical resection due to tumor size or location, multifocal disease, and poor hepatic reserve. In cirrhotic cases, OLT represents the only chance for curative therapy [1] , because OLT has been claimed to simultaneously cure the malignant disease and replace the premalignant cirrhotic liver.
Early series of OLT for HCC yielded poor outcomes [3, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
In those series, 3-and 5-year survival after OLT ranged 15% -67% and 15% -48%, respectively. These inferior results reflected the inclusion of patients with advanced HCC. Subsequently, patients with confined HCC (solitary lesion ≤ 5 cm or ≤ 3 lesions with diameter ≤ 3 cm), no major vessel invasion and no extra hepatic involvement and Milan criteria, were reported to show an excellent long-term outcome with a 5-year survival rate of 70% and a recurrence rate below 15% [21] . Based on pathologic review, modestly expanded selection criteria (solitary lesion ≤ 6.5 cm, or ≤ 3 lesions with the largest one ≤ 4.5 cm and a total tumor diameter ≤ 8 cm), UCSF criteria were suggested to offer an excellent outcome with a 1-year and 5-year survival rates of 90% and 75.2% respectively [22] . In clinical practice, however, the Milan criteria based on pre-OLT radiological findings, could be more useful and a more widely accepted selection criteria than the UCSF criteria based on post-OLT pathologic findings [23] . Generally, authors report overall patient survival rates of 35% to 58 % at 5 years follow-up [3, [13] [14] [15] [16] with HCC recurrence associated with the poorest survival rates. In the pre-1990 era, HCC recurrence following OLT was reported as high as 84% [17] . The most important factors that have been described affecting OLT survival in patients with HCC include: tumor size, vascular invasion [18] , degree of tumor differentiation [19] , extra hepatic disease, and lymph node metastases [2] . Compared with the results before 1990, OLT in selected patients with HCC has seen significant improvements in patient and graft survival [20] .
In order to decrease the waitlist dropout, various treatment modalities including resection, radiofrequency ablation (RFA), percutaneous ethanol injection (PEI), and transarterial chemoembolization (TACE) have been used to prevent HCC progression. It remains uncertain whether excellent outcomes can be obtained in HCC patients who previously underwent locoregional treatments (down staged) and met the Milan criteria at the time of OLT [23] .
Taking into consideration the high dropout rate for patients with HCC awaiting OLT [24] , an adjustment to the MELD score was implemented to give greater priority for organ allocation for patients with a solitary tumor of 2 cm or greater and those with two or three lesions, each not exceeding 3 cm (UNOS stage II criteria) [24] . These patients are assigned a MELD score of 29, equivalent to a 30% 3-month mortality rate, and also are entitled to an additional increase in MELD score by 2 points for every 3 months on the waiting list without exceeding UNOS stage II criteria [24] .
By reducing the waiting time for OLT for patients with HCC, this new scheme of organ allocation also may potentially justify a modest expansion of tumor size criteria OLT [25] , and may improve intention-to-treat survival for HCC.
Tumor recurrence post transplant might be related to higher doses of immunosuppressives, and the latter are known to represent a significant risk factor for tumor growth, as shown in some experimental and clinical studies [26] [27] [28] , in one of which [29] , tumor recurrence was related to the dosage of the immunosuppression given in the first postoperative year when most of the recurrences developed. A high dosage of cyclosporin administered during postoperative months 3 to 12 was significantly related to a low recurrence-free survival. This observation suggested that the clinical studies carried out in the early 1990s, when the criteria for transplantation of heaptocellular carcinoma were introduced, and might have been influenced by immunosuppressive regimen adopted at that time [29] .
Aim of the Work
To study the impact of hepatocellular carcinoma, pre-OLT locoregional therapy, and tumor characteristics on the outcome after OLT in patients who received a liver transplant (OLT) at California Pacific Medical Center. work for Organ Sharing (UNOS) database.
Methods
• Donor race.
• Donor age.
• Donor gender.
• Donor HB core Ab status.
• Donor CMV status.
• Donor BMI.
• Cold ischemia time.
• Warm ischemia time. Recipient variables: • Recipient race.
• Recipient age.
• Recipient gender.
• Etiology of liver disease.
• Presence of HCC.
• MELD at OLT.
• Bilirubin at OLT.
• Albumin at OLT.
• Sodium at OLT.
• Hemoglobin at OLT.
• Alcohol, assessed by social worker, Abuse/dependence vs. not.
• Diabetes pre-OLT and or post-OLT, HbA1c was evaluated just pre-OLT and at last post-OLT follow up.
• Number of immunosuppressive drugs at 1 year post transplant and at the last follows up.
• Estimated iron at explant pathology (0, trace, 1 -4+).
• HCC by native liver pathology.
• HCC subcategories (number of nodules, largest nodule in cm, lobar involvement, differentiation, vascular invasion, metastases).
• Type of pre-OLT locoregional therapy for HCC (TACE, RFA, resection, PEI, or combination).
• Effect of locoregional therapy for HCC in terms of necrosis at explant.
Statistical Analysis
Data were analyzed using the statistical package SPSS version 15 distributed by SPSS incorporator (SPSS Inc., v.15, Chicago, IL).
The following tests were run: 1) Univariate analysis, log rank test.
2) Cox Regression model using variables with p < 0.2.
3) Kaplan Meier curves for actuarial survival.
Results
Statistical analysis was run on 328 patients who have been transplanted from the beginning of 2001 till the end of April 2007; the aim of this analysis was study HCC in particular.
HCC and Overall Survival
Out of 328 patients included in this analysis, 219 did not have HCC while 109 had HCC. Figure 1 shows a Kaplan Meier survival analysis comparing the actuarial survival in patients with HCC (green legend) versus those without HCC (blue legend); the p value by Wilcoxon test was 0.445, which was statistically insignificant.
Milan Criteria for HCC
Patients were categorized into 3 groups for this analysis:
First group: 219 patients without HCC (blue legend). Second group: 96 patients within Milan criteria (green legend).
Third group: 7 patients outside Milan criteria (yellow legend).
N.B. 6 patients had incidental HCC on explants. Figure 2 shows a Kaplan Meier survival analysis comparing the actuarial survival in the 3 groups; the p value by Wilcoxon test was 0.549, which was statistically insignificant.
Pre-OLT Locoregional Therapy
Patients were categorized into 4 groups according to type of pre-OLT locoregional therapy.
First group: 234 patients who did not receive any pre-OLT therapy (non-HCC or incidental, HCC who did not receive treatment, marked with blue legend).
Second group: 69 patients who received transarterial chemoembolization (TACE) alone pre-OLT (green legend).
Third group: 17 patients who received radiofrequency ablation pre-OLT (alone or in combination with others, marked with yellow legend).
Fourth group: 8 patients who received any other pre-OLT locoregional therapy (percutaneous ethanol injection, resection, etc, marked with purple legend). Figure 3 shows a Kaplan Meier survival analysis comparing the actuarial survival in the 4 groups, the p value by Wilcoxon test was 0.501, which was statistically insignificant.
Degree of HCC Differentiation at Explant Pathology
Currently, all OLT recipients at CPMC have their native livers pathologically examined, it was assumed that HCC patients with well differentiated HCC may have a better survival than patients with moderately-poorly differentiated. This analysis was run on 3 groups: First group: 247 patients with no evidence of HCC at explants (blue legend).
Second group: 49 patients with well differentiated HCC (green legend). Third group: 32 patients with moderately-poorly differentiated HCC (yellow legend). Figure 4 shows a Kaplan Meier survival analysis comparing the actuarial survival in the 3 groups, the p value by Wilcoxon test was 0.178, which was statistically insignificant.
However, when comparing each 2 groups to each other, those with well differentiated HCC showed a trend of better survival than those with moderately-poorly differentiated HCC, and the p value by Wilcoxon test was 0.059.
Degree of Necrosis at Explants
First group: 247 patients with no HCC at explant (blue legend).
Second group: 35 patients with HCC at explant without tumor necrosis (green legend).
Third group: 20 patients with HCC at explants with only partial necrosis (yellow legend).
Fourth group: 26 patients with HCC at explants showing total necrosis (purple legend). Figure 5 shows a Kaplan Meier survival analysis comparing the actuarial survival in the 4 groups; the p value by Wilcoxon test was 0.753, which was statistically insignificant.
Cox Regression Multivariate Analysis
A Cox Regression multivariate analysis was run on the 328 (2001) (2002) (2003) (2004) (2005) (2006) (2007) , this is shown in the Table 1 .
Pre-OLT MELD was found to be statistically significant as a predictor of survival on Cox Regression multivariate analysis with a p value of 0.023.
Discussion
Most of our HCC patients were transplanted in the 
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Open Access IJCM MELD era. Those patients are typically transplanted at significantly lower medical MELD scores compared to patients with end stage liver disease without HCC; and the reason for this is to decrease the possibility of HCC patients to be delisted because of tumor progression; accordingly, the sickest patients are characterized by high mortality both on the waiting list and after liver transplantation. Patients with HCC are transplanted in better condition compared to patients without HCC; thus a similar survival is expected. Many HCC patients received locoregional therapy as a bridge to OLT to minimize the probability of dropping out from the list due to tumor progression. Typically, locoregional therapy was anticipated once the diagnosis of HCC was established based on characteristic findings on imaging, even for tumors of 2 cm in diameter or less. The vast majority of our patients had TACE pre-OLT and a minority had RFA with or without TACE.
In our database, we found: • The whole HCC cohort had no survival disadvantage compared to those without HCC.
• Pre-OLT locoregional therapy did not show any survival advantage, though it led to more necrosis of the tumor at the explant for those who had RFA and significant reduction in tumor size for those who had TACE. This agrees with the findings recently shown by Amer M. et al., who stated that pre-OLT TACE of ≤3 cm tu-mor size did not influence survival post-OLT in patients within Milan criteria [30] compared to those who did not have TACE.
However, these findings were not shown to be significant on univariate analysis, probably because the sample size was too small. Accordingly, we do not have enough numbers of patients who survived long enough to show any statistically significant difference.
Tumor burden and biological behavior:
We assumed that those having well differentiated HCC might have a better outcome than those having poorly or moderately differentiated HCC. This was based on a different biological behavior and a tendency to metastasize.
In the univariate analysis, those who had complete necrosis by locoregional therapy at explant were not included in this analysis, because the pathologist could not determine the degree of differentiation. The group having well differentiated HCC had a trend for better survival. This variable needs to be studied on a larger number of patients with longer follow-up periods using death from metastatic HCC as an end point, excluding all other causes of mortality to minimize confounding factors. As previously stated in this context, identification of the degree of differentiation of HCC at the explant is liable to interpersonal and even intrapersonal variations. This is a potential weakness in all retrospective studies having explant specimens examined by more than one pathologist over a relatively long duration of time.
When we tested those having complete necrosis at explant independently in univariate analysis having the same assumption of probable better survival by decreasing tumor burden, we did not find any statistically significant difference. There was no way to make certain whether all of this necrotic tissue was tumor tissue, or some of the surrounding liver tissue which was accidentally targeted by less selective locoregional techniques.
